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I. INTRODUCTION 

A. BACKGROUND 

The United States Navy has maintained a forward deployed 
aircraft carrier with escorts in the Western Region of the 
Pacific Ocean since the 1970's. The aircraft carrier and her 
escort ships operate out of Yokosuka Japan. They are stationed 
in Yokosuka and play an important role in Asian Security. 
After the U.S. Navy withdrew from Subic Bay in 1993, the 
importance of Yokosuka as an operating base significantly 
increased. The location of Yokosuka as a USN home port is the 


cornerstone of U.S. strategy in the East Asia Region. 
In the near future, Yokosuka Naval Base faces two 


potential critical problems. One is a budgetary issue. At this 
time, the Japanese government supports U.S. military bases in 
Japan and has paid maintenance expenses of about two billion 
dollars per year since 1989. This support program is 
temporary and will be reviewed in 2002. It is expected that 
the Japanese government discontinues this support in the 
future. The second issue is the replacement of the current 
aircraft carrier. USS INDEPENDENCE, a conventional powered 
aircraft carrier, has been stationed in Yokosuka since 1985. 
She was commissioned in 1958 and is more than 40 years old. 
Her replacement will probably be a nuclear powered aircraft 


Carrier since the U.S. Navy has not built a conventional 


powered aircraft carrier for over thirty years and plans to 
decommission the older carriers. The Japanese people are very 
sensitive to nuclear weapons or nuclear powered ships, and the 
Japanese government has very strict policies for nuclear ship 
visits to Japan. Because of strong public opinion against 
nuclear power, it is likely that homeporting of a nuclear 
aircraft carrier will be denied. 

These two issues present large obstacles to a smooth 
continuous operating base at Yokosuka during the next few 
years. In view of these issues, it 1S critical to assess the 
benefits of operating this base. 

Be OBJECTIVES 
The purpose of this thesis is to investigate how to 


evaluate the U.S. Navy Base at Yokosuka and to develop a model 
which determines its monetary value. It 1S obvious that the 


Yokosuka Naval Base is in a vital location for U.S. Asian 
strategy. But little research has been done to evaluate its 
importance. One factor that hampers such efforts is the proper 
formulation of future scenarios in which values are examined. 
For example, the value of Yokosuka increases significantly at 
the time of an emergency which calls for quick and sustained 
Operation in that area. This study will not address specific 
emergency situations, but will rather evaluate the relative 


value of Yokosuka as a function of the length of the stay at 


the various staging areas in East Asia. 
C. SCOPE 

The main thrust of this study will be to develop a 
valuation model for the Yokosuka Naval Base. Subsequently, the 
research apply this model to alternative homeports to evaluate 
the differences in the operating costs and required fleet 
assets between these homeports and Yokosuka. The operating 
costs are largely affected by the distances from the port to 
various destinations using different fleet transit speeds. 
These are the major variables. Other variables considered 
include the number of operating ships, the types of ships, the 
duration of ships on station and ship deployment intervals. 
Dy. RESEARCH QUESTIONS 

Primary research question: What are the major benefits of 
operating a homeport at Yokosuka for the U.S. Pacific Fleet? 
The benefits are measured in terms of reduced operating costs 
and smaller required assets to stage given operations in Asia. 

To answer the primary question, the study will address 
the following secondary research issues: 

1. Compare fleet operating costs between Yokosuka, Guam, 
and Hawaii for a given level of operation. 

2. Compare the level of operation between homeports for 
a given level of budget. 


3. Compute cost-minimizing transit speed for the fleet. 


4. Compute a new asset requirement when homeport 
changes. 


5. Compute a deployment interval when homeport changes. 


E. ME THODOLOGY 

The methodology required for this research can be divided 
into the following four steps: (1) establishing the premises: 
(2) data collection: (3) constructing the model: and (4) 
interpreting the model results. 

i Premises 

It 1s needed to define the premises for the model for the 
various scenarios which will be used as a model input. 

20 Data 

Required data for this model includes fuel consumption 
rates for each type of ship, the distance between port and 
deployment areas, and shipbuilding costs. Data will be 
collected from open publications. 

3 Model 

I will expressly delineate what variables are applied in 
this model and what variables are excluded. I will describe 
what the model is, how it works, and what the model can do. 

4. Interpretation 

The results of the model calculations will be 


interpreted. Additionally required variables will be 


identified. 


F ORGANIZATION 

Tite. thesis 1S divide@einto four chapters. 

Chapter I provides the introduction and purpose for this 
study. It states the research questions, the objectives to be 
accomplished, the scope of the analysis, the methodology to be 
employed, as well as the organization of the thesis. 

Chapter II describes the background of the model, basic 
assumptions of the model, the format of the model and input 
Parameters. 

Chapter III explains results of the model. 

Chapter IV discusses a summary of the thesis and 


conclusions. 


II. THE FLEET OPERATION COST MODEL 


A. BACKGROUND OF THE MODEL 

The purpose of this model is to evaluate the differences 
in fleet operating costs and required fleet assets between the 
Yokosuka homeport and other homeports such as Guam and Hawaii. 
The model examines the fleet operation cost from Yokosuka to 
designated areas such as Korea, the Taiwan Strait and the 
Philippine Sea, Singapore, and Japan itself. The model 
determines the operating costs from Hawaii and Guam to various 
destinations. Then, the model calculates the differences in 
the operating costs between Yokosuka and other homeports. The 
model also looks at the required assets for these operations. 
Then, it calculates the monetary value based -on various ships 
assets, and displays the cost for groups of assets. 

Ship operating costs consists of fuel costs, maintenance 
costs, personal and food expenses. However, in this thesis the 
ship operating costs are based solely on fuel utilization, 
Since fuel is the dominant factor. It is not necessary to 
include personal and food expenses, because these costs are 
incurred whether the ship operates or not. The difference in 
maintenance costs are difficult to determine, because ship 
maintenance is not clearly related to operating time alone. 


Only fuel costs can be differentiated with some degree of 


accuracy DY /bbatscwi adres tance 

The model user enters what type of ship and how many 
ships are needed and how long they should stay ina 
specifically designated area as the output goal. Then the 
model computes the total required assets for each class of 
ship to achieve such output goal. The number of ships required 
depends on the transit distance, transit speed and on the 
length of a stay at the staging area. The model compares the 
required number of ships for the various homeports and 
destinations. Also, the model calculates the acquisition cost 


for those assets. 
Appendix A 1S the display of the input and output pages 


of the model. This model is constructed using a Lotus 1-2-3 
spreadsheet program. Variables are deployment area, homeports, 
transit speed, deployment interval and fleet composition(the 
type of ship and the numbers of each type of ship). 
B. THE PREMISES OF THE MODEL 

It is important to define what sorts of premises work for 
this model. There are many variables used to evaluate and 
forecast the fleet operation cost in the real world. To 
translate from the real world to the modeled world, it is 
necessary to define the variables and the constants. The 
factors which are defined as constants are premises. 


The premises for this model are as follows: 


1. Fleet composition remains the same for the period of 
Lars eseucy. 

2. U.S. Fleet can not replenish itself in Asia with the 
exception of Yokosuka, Japan. 

3. The replenishment ship delivers fuel and food to the 
staging area every four weeks. 

4. Fleet cruise speed is six knots at the staging area. 

5. The real fuel price remains constant. 

6. This model does not consider nuclear powered ships. 

7. The maintenance costs and maintenance intervals are 
assumed to remain the same for the various homeport scenarios. 

8. The ships require preparation time for cruises which 
are calculated as one half of the prospective operation time 
eS ed. 
Ce FORMAT OF THE MODEL 

The model, as seen in the Lotus 1-2-3 spreadsheet, 


consists of seven pages. The first page is the input and 


output part. The user can input the desired variables on the 
first page. Based on these inputs, the model computes the 
operating costs of each type of ship and the number of ships 
of the type required and displays them in the following six 
pages. An output summary of the required assets and operation 
costs are reported in the first page. The outline of each 


Lotus 1-2-3 spreadsheet is provided below: 


page l 


Input variables 


(Columns A through C) 


Output summary 


(Columns E through H) 


Data display 


(Columnswd Chrouoghee) 


The details of page one are shown in Appendix B. 


page 2 


page 3 


page 4 


page 95 


page 6 


page 7 


associated cost of CV 


(Appendix C) 
associated cost 
(Appendix D) 
associated cost 
(Appendix E) 
associated cost 
(Appendix F) 
associated cost 
(Appendix G) 
associated cost 


(Appendix H) 


10 


of 


Ol 


of 


ort 


One 


CG 


DDG 


DD 


EG 


AOE 


III. INTERPRETATION OF THE RESULTS 

In this section, I will show the usages of this model and 
the interpretation of the results. 

A. THE DIFFERENCE OF THE OPERATION COST AND THE COST OF THE 
NEEDED ASSETS 

The user can find the difference of the operation costs 
based on the various homeports and the cost of the needed 
assets by selecting the variables, which are destination, 
homeport, transit speed, staging duration, deployment interval 
and type and number of ships. 

For example, when the U.S. Navy needs to deploy the 7th 
fleet to the Korean Peninsula for 12 weeks, the model can show 
imemcdiliterence cf the Operation cool betwecmeships Gopmo yang 
from Hawaii and Yokosuka. It can also give the number of ships 
required for each ship type selected by the user. In this 
case, the user can select or input the variables on page one 
of the model. The user can select and input the destination 
to Korea, homeport A for Hawaii, homeport B for Yokosuka, 
transit speed from both homeports to be 18(knots), staging 
duration as 12(weeks), a deployment interval of eight (weeks) 
andetme [leet composition on (CV:1, °CG:2, DD:i3, FFGi4 sand 
AOE, vie 

In this example, the operation cost from Hawaii is 30.2 


million dollars and from Yokosuka is 15.9 million dollars. The 


deb 


difference of the operation cost is 14.3 million dollars. The 
deployment from Yokosuka is 14.3 million dollars less than a 
deployment from Hawaii. The differences for needed assets 
between Hawaii and Yokosuka are one CV, two CGs, three DDs, 
four FFGs and one AOE. These additional assets cost around 6.5 
losLiatoner tole) LIemacs)- 

Table one shows differences in the operational costs for 
alternative homeports and other destinations when compared to 
Yokosuka. 


Table 2 THE DIFFERENCE “Ob Bin POEL RAIONAL GOST 
(BASE LINE FROM YOKOSUKA) 


(DESTINATION) 
Korea Taiwan Philippine Singapore 
Scenario ** lL baeZ 
from Hawaii 
Scenario ~0.8 


from Guam 





(Million dollars) 
* Other assumptions are remaining 12 weeks in staging area and 
a deployment interval of eight weeks. 
** For this scenario, additional ship assets must be acquired. 
This includes one CV, two CGs, three DDs, four FFGs, and one 
AOE. 
These results indicate that a change in homeport to Hawaii 
will not significantly increase operation cost, if the ship 
assets are allowed to increase. However, if the change of 


homeports is to Guam, then the operation cost hardly changes. 


In this model, the distances from homeport to a 


eZ 


destination are a major factor. Distances are shown in Table 


Zt 





Table 2 Distance Table (miles) 


Zo 


Ie. Change in Staging Duration 

By using this model, it is possible to evaluate the 
difference in operation costs as a function of the staging 
duration. 

For example, consider Korea as the destination, and 
Hawaii as the alternative homeport. We assume the same transit 
speed of 18 knots and a deployment interval of eight weeks, 
and the fleet composition of (CV:1, CG:2, DD:3, FFG:4 and 
AOE: 1) . 

The effect of changes in staging duration in the 


operation costs is shown in Figure 1. 


° 
0 
E 





Figure 1 The Differnce in Operation Cost* 


Ik 


* Ships assets level for Hawaii remains the same as in 
Yokosuka for a duration up to 10 weeks. For durations longer 
than 10 weeks, additional assets must be acquired including 
one CV, two CGs, three DDs, four FFGs, and one AOE. 

Figure 1 indicates that the longer time on station 
Significantly affects operation costs when Hawaii is used as a 
homeport. However, the difference in operation cost is not a 
simple increasing function of the staging duration. 

For example, the differences of operation costs for 
durations of 15 weeks and 22 weeks are smaller than that of 14 
and 21 weeks respectively. To explain more specifically, the 
longer duration makes the number of transit times from 
Yokosuka increase. The increased transits from Yokosuka reduce 
the difference of the cost when compared with Hawaii. For a 
duration of 14 weeks, the fleet needs two transits from 
Yokosuka. For a duration of 15 weeks, the fleet needs three 


transits. 


Table 3 Operation Cost and the Difference (million dollars) 





Staging duration (weeks) 


OE ce: St 
om Poe 
The difference oe 23.4 


Table 3 shows the operation cost from each homeport and 


the differences in operation costs. 
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2% Change in Deployment Interval 

Using this model, it is also possible to evaluate the 
difference in operation costs as a function of the deployment 
interval. For this example, Korea is chosen as the 
destination, Hawaii as an alternative homeport. The staging 
duration of 12 weeks, 18 knot transit speeds, and the fleet 
Gomopostrlonm, OF (CV i CG-2, pl: 3, FFG:4 and AGB:1) are used for 


the computation. 


9 10 11 
deployrrent interval(w eeks) 





Figure 2 The Difference of Operation Cost 
Figure 2 shows that the longer deployment interval 
reduces the difference in the operation costs between Yokosuka 
and Hawaii. However, the cost reduction becomes almost 
negligible after the nine weeks deployment interval point for 
the 12 weeks staging duration. When the fleet transits from 
Hawail to East Asia, the cost penalty becomes significant for 


a shorter deployment interval, when the deployment interval is 


less than seven weeks. 


ig 


Be COMPARISON OF THE LEVEL OF OPERATION BETWEEN HOMEPORTS 
FOR A GIVEN BUDGET LEVEL 

The model allows us to compute the achievable staging 
duration. For the same amount of operation cost, the fleet can 


operate for a different duration of time depending on the 


homeport. 
Table 4 THE EXTRA LENGTHS OF STAY FROM YOKOSUKA 
COMPARED TO HAWAII AND GUAM’s 12 WEEKS OPERATION 
(DESTINATION) 
Korea Taiwan Philippine Singapore 








Compare to 
Hawaii 


Compare to 
Guam 


(weeks) 


Table 4 shows the extra length of time that the fleet could 
S@euabesat (he Van OuUSmaradmiguancay (rom Git Lorene Romepomires 
when compared with Yokosuka. For this comparison, the 
operation cost is computed based upon 12 weeks of staging 
duration for both Hawaii and Guam. Other assumptions are 18 
knot transit speed, 12 week deployment interval, and the fleet 
Gemposition, GfteyV: 1, @CGx27= ibs s7 ee arG: 47and= ACE). For 
example, if the destination is Korea, then the fleet can stay 
8.0 weeks longer than the situation when its homeport is 


Hawalil. 
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Cz ALTERNATIVE STRATEGY WITHIN EXISTING ASSETS 

The cost of needed assets is far greater than operation 
costs. In current U.S. budget climate, however, it may be 
unrealistic to assume an increase in the number of ship assets 
or an increased budget for ship acquisition. The Navy is more 
likely to be tasked to manage the existing number of ships for 
the mission. The model allows consideration of alternatives in 
achieving the mission within the existing number of ships. The 
variables in this case are deployment interval and transit 
speeds. If the ships can stay at sea longer, then fewer ships 
will be needed. Additionally, if the fleet transits at a 
faster speed, fewer ships will be needed. 

ale Required Deployment Interval 

It is obvious that if the fleet can stay longer at the 
designated area, the Navy will need a smaller number of 
assets. To maintain the fleet at the designated area, the Navy 
must prepare for a replacement set, if the deployment interval 
is fixed. One fleet would be on station, while the other is 
transiting to or preparing to go to sea. If the deployment 
interval is not long enough, the fleet can only stay a short 
time at the designated area. Therefore, the Navy needs a 
larger number of ships in this caSe. 

On the other hand, if the deployment interval is 


lengthened, then the need for additional ships will be 


an 


reduced. However, longer deployment intervals are likely to 
cause morale problems. This is difficult to quantify in dollar 
terms, but low morale could manifest itself in increased 
physical damage or a loss of qualified personnel. It is 
important, therefore, to look for the deployment interval with 
this in mind. Since the model does not quantify the added 
costs of a longer deployment, this optimization will not be 


taken up in this thesis. 


8 9 10 11 12 
deployrrent interval (w eek) 





Figure 3 Annualized Capital Cost for 30years 
Depend on the Interest Rate 


Figure 3 shows the annualized capital cost for needed 
assets for 30 years. If a deployment interval is four weeks, 
the Navy needs more assets at a cost of 24.9 billion dollars 
LOG Ed! sm@@echaoulon.. [Nem 4 no. hronmao LLaes..COSt. 1.5 
annualized at 2.64 billion dollars for 30 years with a 103% 
interest rate, and 2.11 billion dollars with a 7.5 % interest 
rate. Also, when a deployment interval is eight weeks, the 
annualized capital cost is 679 million dollars with a 7.5 3% 


interest rate, and 416 million dollars with a 5% interest 


1s: 


Pater 

The deployment interval for each destination and homeport 
was changed, but the other assumptions are the same as the 
previous example. The model can compute the required 
deployment intervals when the ship assets remains the same. 
The results are shown in Table 5. 


Table 5 THE REQUIRED DEPLOYMENT INTERVAL TO MINIMIZE ASSETS 
FROM HAWAII AND GUAM TO VARIOUS DESTINATIONS 


(DESTINATION) 


Korea Talwan Philippine Singapore 


r 


With no increase in ship assets, the fleet must deploy 12 to 










From Hawaii 





From Guam 


(weeks) 


16 weeks to stage an eight week operation when its homeport is 
Hawail. 

ae Required Transit Speed 

It 1s evident that if the transit speed is faster, the 
needed assets would be smaller. In this case, the variable is 
transit speed. For example, the user selects Korea as the 
destination, Hawaii as an alternative homeport, staging 
duration as 12(weeks), a deployment interval as eight weeks, 
and the fleet composition of (CV:1, CG:2, DD:3, FFG:4 and 
JNO ANS a 

The results are shown in Figure 4. This figure shows that 


a transit speed of 27 knots is required to eliminate the need 


IY) 


for additional assets. 


12> 13 44.715 “16 17 18 #19 20°21 22° 23° 24° 25 #26 27 28 29 “30 
speed 





Figure 4 The Difference of Assets Cost 
In the model, the transit speeds are changed for each 
destination and homeport. The other assumptions remain the 
Same as the previous example. The model shows the required 
transit speeds which eliminate the need for additional assets. 
The results are shown in Table 6. 


Table 6 THE REQUIRED TRANSIT SPsSED TO MINIMIZE 
ASSETS FROM HAWAII AND GUAM 





(DESTINATION) 


Korea Taiwan Philippine Singapore 






From Hawaii 


From Guam 


(knots) 


Table 6 shows that the higher transit speed eliminates 
the difference of the assets cost when compared to ships 
departing from Yokosuka. When the fleet transits beyond the 
speeds which are shown in Table 6, there is no difference in 
the needed assets between Hawaii and Yokosuka except for the 


Singapore destination. However, continuous high speed and long 
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distance transits from Hawaii will cause physical damage to 
the ships, and result in higher maintenance and repair costs. 
This high speed alternative may not be a realistic option in 


peace time. 


2 
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IV. CONCLUSION 


The primary research objective of this thesis is to 
determine the major benefits of operating a homeport in 
Yokosuka for the U.S. Pacific Fleet. 

The following four points summarize the main ideas based 
on the results of the model calculation: 
ie. The difference in the operation costs between Hawaii and 
Yokosuka are not significant when compared with the associated 
increase in asset costs. 
ae When the asset level is fixed, the fleet deployment from 
Hawaii to Asia increases the deployment intervals over those 
from Yokosuka. Such increased deployment intervals will likely 
to have a significant cost impact on its operation. 

a, When the fleet transits at a high speed from Hawaii, it 
can reduce the need for additional assets. However, this 
option requires further examination, in particular its 
implication on the expected increase in repair/maintenance 
SESS . 

a. Operation costs for the fleet between Guam and Yokosuka 
are very Similar. However, Navy needs a large investment to 
improve the fleet support capability at Guam. 

In conclusion, the fleet operation from Yokosuka results 


in lower operation costs and a smaller deployment interval, 
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and fewer ships. The change of homeport to Hawaii requires a 
larger number of ships or a higher speed of transit to achieve 
the same level of output. The change of homeport to Guam will 
have a similar operation and asset cost as Yokosuka. However, 
the change of homeport to Guam may require an investment in 


fleet support capability. 
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APPENDIX A 
(INPUT AND OUTPUT PAGE OF THE MODEL) 


A B S E Ie G 


INPUT SECTION OUTPUT SECTION 


1 Taiwan:2 
Philipine:3 
Japan:4 
Sinapore:5 


$3.539 


$2.712 

$0.000 

$6.423 

$2.842 

$0.398 
$30.233 $15.915 


1 HAVAII:1 
3 GUAM:2 
JAPAN:3 


18 
18 


(number) (number) 
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APPENDIX B 
(EXPLANATION OF THE INPUT AND OUTPUT PAGE) 
Appendix B provides details of the model with an 
explanation of each cell on page one. 
A. INPUT, OUTPUT AND DISTANCE DATA SECTION 
Page one of the model contains an input section, an 
output section and distance data section. In the input 
section, the user can input the desired variables. In the 
output section, the results are calculated based on the 
inputs. For the distance data section, there is a table 
which shows the distances between bases and destinations. 
An example of this page is shown in Appendix A. 
J INPUT SECTION 
The input section has three columns labeled A, B 
and C. Column A provides the titles of the input variables. 
Column B lists the input variables. The user selects the 
variables which are desired. Column C gives supplemental 
information on the input variables. 
a. DESTINATION 
Cell B3 of page one is the destination input 
cell. The user inputs the destination in cell B3. This 
destination is important for evaluating the fleet operating 


cost and fleet asset costs in the model. Cell A3 shows the 


Zi 


Blekevor “Diol INATION 9 Lnhetectisaamen, C7 sbOneo exhibit yEnc 
destinations which the operator can select. The user can 
input a number which corresponds to each destination. In 
this thesis, Cells C2 through C6 lists the destination as 
follows: C2 —- Korea: 1, C3me Tailwantiz7 C43 -sCimaippines: 3, 
C5 - Japan:4, and C6 - Singapore: 5. 
b; HOME PORT 

Cells B8 and B9 are the cells where the user 
inputs the desired bases for the fleet. The user selects 
two desired homeports from the choices listed in cell C8, 
C9, and C10. Cell A8 is the title ‘homeport A’, and cell AQ 
is the title ‘homeport B’. Cells C8 through C10 lists the 
homeports as follows: Cell C8 - Hawaii:l1l, C9 - Guam:2, and 
C10 - Japan:3. Based on these inputs, the difference of the 
fleet operating cost can be determined. For example, the 
user can input 1(:Hawaii) for cell B8(homeport A) and 
3(:Yokosuka) for cell B9(homeport B). Then the user would 
be able to know the difference of the operating costs 
between Hawaii and Yokosuka. | 

Cr TRANSIT SPEED 

For cells B12 and B13, the user inputs the 

desired transit speed from each of the homeports(homeport A 


and homeport B). Cell Al2 shows the title ‘Transit sp from 


Za 


A’. Cell B12 is the transit speed from homeport A. Cell Al3 
is the title ‘Transit sp from B’. Cell B13 is the transit 
speed from homeport B. The applicable transit speed of this 
model varies from 6 to 30 knots. The transit speed must be 
an integer. In this model, each fleet transits at the same 
speed. 
a. STAGING DURATION 

Stagim@geduration eimpeomtant for 
calculating the fleet operating cost. Cells B15 and B16 
are the staging duration input cells. Cell Al15 is the title 
‘DURATION fm A’. Cell B15 is the staging duration the fleet 
operates from homeport A. Cell Al6 is the title of 
‘DURATION fm B’. Cell B16 lists the staging duration of 
time in weeks that the fleet operates from homeport B. The 
model calculates the operating cost for this designated 
period. For example, if the user wants to have an output 
for one year, he inputs “52" (weeks). 

e. DEPLOYMENT INTERVAL 

Cell B18 is deployment interval input cell. 
Cell A1l8 is the title ‘Deployment interval’. The definition 
of deployment interval is the length of time that the fleet 
stays at sea. The fleet is modeled to leave their homeport 


for the destination area, and return to the same homeport. 


Zo 


The deployment interval is the period from a homeport to 
the destination and back to the same homeport. This cell 
shows how many weeks the fleet will remain at Sea. 

fee FLEET COMPOSITION 

Cells B20 to B25 are fleet composition 
cells. The user can select the desired fleet composition, 
and input the desired numbers in the cell. Cell B20 is the 
number of CV’s(CV-63/67 class). Cell B21 is the number of 
CG’s(CG-47 class). Cell B22 is the number of DDG’s(DDG-51 
class). Cell B23 is the number of DD’s(DD-963 class). Cell 
B24 is the number of FFG’s(FFG-7 class). Cell B25 is the 
number of AOE’s(AOE-6 class). If you select the same 
composition as the actual Seventh Fleet, you can get the 
operating costs for Seventh Fleet. 
2a OUTPUT SECTION 

The output section is displayed in columns E to 
H, rowsez-21. Column E Jists@ene title were che ouput. 
Column F provides the operating costs and initial plus 
replacement assets when the fleet operates from homeport A. 
ColunneGeshews a sim Nersoutouee tromemomepert B. Column H 
provides the difference of the operating costs and needed 
asset costs between the fleets operating from homeport A 


and homeport B. These outputs are based on the variable 
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section inputs. 
a. OPERATING COST 

Cell F4 is the operating cost of CVs from 
homeport A. Cell G4 is that cost from homeport B. Cell H4 
is the difference between the value in cell F4 and G4. The 
value in cell F4 is derived on page two which calculates 
the operating cost of CV’s from Homeport A. Cell G4 is that 
The formula for these cells 


Similar value from homeport B. 


is as follows: 


Cell F4 = B:D13 

Cell G4 = B:E13 

Cell H4 = A:F4-A:G4 

Rows five to nine of the output section correspond to 
each type of ship. Row five pertain to CGs, row six to 
DDGs, row seven to DDs, row eight to FFGs and row nine to 
AOEsS. The formula for these cells is: 

cell &5 = Cc: Dis cell G5 C-Ei3,. cell HS=A: FS-A G5 

eel Foer,= Depi3, cell G6 D:E13, cell H6=A:F6-A:G6 

Gell ay =ee 2 D3 cell G7 BE:B513, cell H7=A:F/-A:G/ 

cell F8 = F:D13, cell G8 F:E13, cell H8=A:F8-A:G8 

cell F9 = G:D13, cell G9 G:513, cell H9=A:F9-A:G9 

Row 10 indicates the total operating costs. Cell F10 


is the sum of F4 through F9. 


This formula is @sum(F4. 


oul 


eo). 


Cell G10 is the sum of G4 through G9 and this formula is 
@sum(G4 to G9). The formula of H10 is @sum(H4 to HQ). 
oye ASSETS COST 
Assets costs are shown in 1997 dollar value 
by usineg@detlaters. 

Cell F13 is the number of the needed CV’s from 
homeport A. Cell G13 is the number from homeport B. Cell 
H13 is the difference between the cells F13 and G13. The 
value in cell F13 is derived on page two which calculates 
the needed assets of CV’s from Homeport A. Cell G13 is the 
calculation from homeport B. The formula for these cells is 


ASLO Plows: 


Geli iri3 =. Bs Die 
Cell G13 = B:E14 
Cell H13 = B:F14 


Rows 14 to 18 of the output section correspond to each 
type of ship. Row 14 pertains to CGs, row 15 to DDGsS, row 
16 to DDs, row 17 to FFGs, and row 18 to AOEs. The formula 


for these cells is: 


cell F14 = C:D14, cell G14 = C:E14, cell H14=C:F14 
ecelleeils = D2bp1l4, Secell Gis = Desl4, cell H15=D:F14 
Gellerl6 =sbe Dia, eed G16 =(BPEI4, Oe IEE ich. Slee 
cell Fl/ = F:D14, @@cell Gl/ = F:E14, cell HI7=F:F14 


a2 


cell F18 = G:D14, cell G18 = G:E14, cell G18=G:F14 


ae DISTANCE DATA SECTION 

The distance data table is located in cells J2 
through O5. This table shows the distance between 
destinations and bases. The distances are shown in nautical 
feasles. Thewdala pseource is) PUB2151 FIFTH EDITION, titled 
“DISTANCES BETWEEN PORTS”, and published in 1985 by the 
Defense Mapping Agency. Destination Korea lists the 
distance from each homeport to Inchon, Republic of South 
Korea and destination Taiwan lists the destination from 
each homeport to Amoy, China. Destination Philippines lists 
the destination to Manila and destination Yokohama is 


PuoStTLuread fOr YOKoOsSUKa. 
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APPENDIX C 
(ASSOCIATED COST OF CV) 


Appendix C provides and explanation of each cell on 
Dace Ewe. 

A. Column A(title section) 

Title section is in column A on this page. Cell A2 
lists the ship type as a CV of this page. Cell A5 shows the 
number of CV’s which are in the fleet. The number of CV’s 
is transferred from input section of page one. The formula 
of cell A5 is +A:B20. 

Bs Column C( Calculation title) 
Column C provides the title of each 
ealeulatiwon im column, Di. 
CelliC2 1S wemenort” . 
Cell C3 is “speed”. 
Cell C4 is “distance”. 
CI Goal ies iorsae, Meikle a 
CellC 6a0:S. Gans ti aGaye.. 
Cell C7 is “fuel consumption rate”. 
Cell Ceel Ss eue! concunpiienstor transis 
Celliveoe se fucMecoSsme ror transit ~. 
Cell C10 is “possible on station days”. 


Gell Cit tse fuels cost. onestation . 


Se 


Gell..¢1l2.1s*° Stransaim times,’ . 

Cell @ieeis “total Tues cosa. 

Cell C14 is “the number of required assets”. 
ec: Column D(Calculation from base A) 

This column display the results of the calculations 
concerning CV operational costs and needed assets from base 
A. When the fleet operates from base A, this column shows 
the results in various stages concerning the time, 
distance, speed, and the cost to operate the CV or CVs. 

Cell D2 shows the code number of base A which is 
determined by users on page one. The code number of base A 
is transferred from page one to cell D2 of page two. The 
FOormulasor Cell DZ 515 +A:Be. 

Cell D3 shows the transit speed from base A to the 
destination. This speed is transferred from page one using 
formula +A:B12. 

Cell D4 shows the distance from base A to the 
destination. The distance table is located on page one 
AvvJizrOore the tommlla’ tor cell, D4 is 
CTNDE GR 02... AO, 4-85, A- Bo). A Boats teme Gestinalwon,. 4:50 
is base A. Since the user decides on the destination and 
base A, this formula picks up the associated distance from 


the distance table on page one. 
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Cell D5 calculates the transit hours from base A to 
the destination. The formula of cell A5 is +D4/D3. The 
numerator is the distance between the destination and base 
A. The denominator is the transit speed. 

Cell D6 translates the transit hours into days. The 
formula for cell D6 is +D5/24. 

Cell D7? displays the fuel consumption rate of the CV 
at designated speed. The fuel consumption rate table for a 
CV is located in cells H2~1I27 of page two. The fuel 
consumption rate is in kilo gallons per hour. The formula 
mor Cell’ D/ iS @VR@CKUP (De 7H2-.I27, ee by using this 
formula, this cell calculates the fuel consumption rate 
associated with the speed. 

Cell D8 calculates the fuel consumption for the 
transit from base A to the destination and back again. The 
formula for cell D8 is +D5*D7*2. Cell D5 displays the 
transit hours from base A to the destination. Cell D7 
represents fuel consumption per hour. Times two means two 
way transits. 

Cell D9 calculates the two way cost for the transit 
between base A and the destination. In this model, one kilo 
gallons of fuel costs 700 dollars. The formula for cell D9 


1 SegWG a eh0iOe 


SH 


Cell D10 calculates on station days at the 
destination. The deployment interval is determined by the 
user in the input section on page one(A:Bl17). The amount of 
on station days is calculated from the deployment interval 
Minus the two way transit days. The formula for cell D10 is 
Teo? i — W6%2, 

Cell Dll calculates the fuel cost on station. On 
station days come from cell D10. Based on the initial 
assumptions, the fleet cruises at six knots in the 
deployment area. The fuel consumption rate of six knots is 
shown in cell 13. The formula for cell Dll is 
Qik (D4=0707 bh0e242137700)ee if theshomepert and destinatsen 
are the same, the distance is zero. In this case, the fuel 
cost on station would not be needed. If the distance is not 
zero, the fuel cost on station is on station days times 24 
hours times the fuel consumption per hour at six knots 
times the fuel cost per kilo gallon. 

Cell D12 calculates the transit times with the given 
staging duration, speed, distance and deployment interval. 
Based on the initial conditions, the fleet will not 
replenish in Asia. The fleet must go back and forth within 
the given staging duration. The needed transit times can be 


obtained by dividing the staging duration by the on station 


ERs, 


days. The fleet must remain on station continuously for the 
designated staging duration. The on station times for each 
transit is calculated in cell D1i0O. It should be noted that 
the results are rounded up to the nearest integer. The 
formula for cell D1l2 is @INT( (A:B15*7/D10)+.9999). 

Cell D13 displays the total fuel cost. The two way 
fuel cost for the transit is located in D9. The fuel cost 
for on station time is in Dll. The transit cost for the 
given staging duration of each transit is calculated by 
MULE E Dl yi MegEeene GOs@e1n COSGEDS byeErans iE ebimes in D112. 
The formula is D9*D12. The on station cost for the staging 
duration is calculated by multiplying on station cost per 
day by total on station days. The formula is 
Pie AeBVSe7/DLOS bimallly the total stagingwdurationmeost 
sums up the transit cost plus the on station cost and the 
number of ships denoted in A5. The results in millions of 
dollars is accomplished by dividing the total by 1,000,000. 
The formula for D13 is 
abo bI2+ Dia: BiSs*//D10)*A5/1,000,000. Thegmesul tegam Dis 
is transferred to cell F4 on page one. 

Cell D14 calculates the number of replacement sets for 
the operation. The ships obviously need preparation time 


for the next cruise. In accordance with the premise of the 


Sie, 


model, the preparation time is one half of the deployment 
interval. Therefore total times required for each group of 
ships are the deployment interval plus preparation time. It 
should be noted that ships must be on station in the 
designated area, and the possible on station days are 
calculated in D10. Then the needed ships are calculated by 
using the sum of the deployment interval plus the 
preparation time divided by the on station time. The needed 
assets are rounded up to the nearest integer. The formula 
for D14 is @IF(D4=0,A5, (@INT ( (A:B18*7*1.5/D10)+.9999) *A5) . 
The results of D14 are transferred to cell F13 of page one. 
D. Column E(Calculation from homeport B) 

Column E displays the cost for the fleet to operate 
from homeport B. The procedure in this column are the same 
as for column D. The formula for each cell is as follows: 

Celi i2; +A BS 

Celir bs: +A:BI3 

Cell E4: @INDEX(A:J2..A:05,A:B3,A:B9) 

Cerehew 4 / ES 

Gell EB6: +524 

Cell EV: @VECOKUP (E3;HZ..1277)) 

Ceil Heya reoc a7 = 2- 


Cell E9: +E8*700. 
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Comet tO ety shi e* 7 — E6*2 

Cele ishow Our (PaO, bh 0e24*13* 700) 

Cell E12: @INT((A:B16*7/E10)+.9999). 

Colpo Roe IZ elisa Bl6*7/bh10) *A5S/1, 000, 0008 

Cell B14: @IlF(B4=07A5, (@INT((A:B18*7*1.5/E10)+.9999) *A5) 
ae Column F(difference between A and B) 

Column F provides the difference between homeport A 
and homeport B for the cost and the number of the needed 
assets. 

Cell F13 provides the difference between homeport A 
and homeport B for operational costs. The formula for cell 
fils is DI3=E13. 

Cell F14 displays the difference in the number of 
replacement sets needed with regard to homeport A and 
momeport B. The formula for cell F1l4 is +(D1l4—-F14) *1602.2. 
1602.2 million dollars represents the replacement value for 
ee in 1997. 

Mme unit cost for CV-64 was 275.1 million dollars in 196 
Source : DEPARTMENT OF DEFENSE APPROPRIATIONS FOR 1961 ; 


PART 5 \e 2 ee 


The deflator for military procurement in 1961 was 0.1717. 


source ;: NATIONAL DEFENSE BUDGET ESTIMATES-FY1997 p42(U.S. 
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Secretary of Defense) 
275 Stra? 1 7 = O22 em) 
The results in cell F14 are transferred to A:H13 on page 
one. 
F. Column H and I(Fuel Consumption Data) 

Column H shows the fuel consumption rates for speeds 
ranging from six knots to 30 knots. The fuel consumption 
rates and corresponding cells are shown below. 

CerrrHs 6, Gem I13:2.0117 
Cell H4:7, Gelilyen4 2.0507 
Celi tia: Sy, Gell Toez. 1204 
Cell H6:9, Cell 16:2.1901 
Cell. Hie yee ec lilgy 2.2891 
Cell Hé:tl; Celimerse: 2.4242 
Ce] Oe eeCe 1] lao: 2.5598 
Gel Weant0e1s,, Celilo -.2.75383 
Celie thin id, Ceili: 2 9473 
Cell aMml2 5; Celi ri2+ 3.2156 
Cell His lorece lero rs 4659 
Cell H14:17, Cell 114:3.8463 
Celle nis. 137. Col ies 4.7007 
Cell Hite;19, CemmivinikG: 4 - ood 


Cell Bly 2207, CellelLive Seely s> 
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Colmes 7 tye Gell ius: 5. 7660 
Geimimnio+22, Cell 119:6.4991 
eens s23, Cell 120:7.2312 
@emeueH2iez4, Cell 121:8.1980 
Coe H22.259, Cell 122:9.1648 
Gell H23226, Cell 123:10.7479 
Cell H24:27, Cell 124:10.4478 
Cell H25:28, Cell 125:13.4481 
CealmeHzZ6.29, Cell 126:15.1654 


Soil H27:30, Cell 127217, 3631 


Source of fuel consumption rate 

>Predicting Ship Fuel Consumption: Update pl8(Naval Post 
Graduate School) 

atoms Por 6, oS, ll, 13, slo, 17,19,022,.24,, 26, 20, and 


30 knots are the mean values. 
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APPENDIX D 
(ASSOCIATED COST OF CG) 


Appendix E provides and explanation of each cell on page 
three. 


ADS: 
BZ: 
ID oie 
Dat 
bs: 
D6: 
Dy : 
IDisie 
IIS 
IP) ON 
| Be 
Bi2 : 
IDL Bie 
D14 


BZ: 
|i Ie 
BAe 
Bo: 
E6: 
| ie ae 
me: 
GSR 
6) 
15 100 
Be: 
1 A 
E14: 


Rous: 


J dees 


+A: B21 

+A:B8 

+A:B12 

@INDEX (A: J2..A;05,A:B3,A:B8) 
+D4/D3 

+D5/24 
CVEOOGRUP (DS, H2..227,1) 

a BS 3 DW 

+D8* 700 

+A:B18*7-D6*2 

ChE D4—OnOr bilo 724-135-700) 
@INT (A:B15*7/D10+. 9999) 
(D9*D12+D11*A:B15*7/D10) *A5/1, 000, 000 


SObE(D4—O, a5, (CINTA Biles 7 * lee wey = 9So9)) = A5) 


+A:B9 

+A:B13 

GIN DEX (As 022. A, OS, A: Bs, A: B89) 
+BE4/E3 

+E5/24 
GCViinOoOnUr (ho, h2 027, 5) 

ab Sela, ee 

+E8* 700 


STAs ee SE 6eZ 
> @IF (E4=0, 0,E10*24*13*700) 


GINT(A:B16* 7/104 .9999) 
(RO? bee Ree B6* 7/10) 4*AS/ P0007 000 
Cine 4— OAS ( GIN Ie (A Bie A @ 7 0) + 99909)) *A5) 


(Dis iis) 
(DI 4—Ph4)* 1,024.9 


The calculation of CG asset cost in 1997's dollar. 
The unit cost of last CG-47 was 820.1 million dollar in 1988. 
Source:U.S.WEAPON SYSTEMS COSTS,90( DATA SEARCH ASSOCIATES) 


The deflator of military procurement in 1988 is 0.8002. 
peurce: NATIONAL DEFENCE BUDGET ESTIMATES-FY1997 p42(U.S.Secretary 
of Defense) 


820.1/0.8002=1,024.9 
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Cell H3:6, Ceipers = 076044 
Geltin Ha: 7, Cell 14:07 8e5 
CeltibeihS 2; Cell 315:0.8293 
Cell He29, Cell £os026477 
GouikeeHyel O07 ae Ce | ile Oe 37 I 
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Colitis. to Seek 11513276 
Celso. Tor aee Vilet lo. ied 356 
Cedi 320, Ce Vissi lh? eeS61 
GelMipnms ol Celle re: 1.7051 
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Ceusiet2 24 Celie 2 a7 905 
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Gell sa26,- Celi 123 72.8571 
Comin d 2 ee i174. 37204 
CeliwHes 2s ew ce lil 125236152 
Celien2 6.70, wcell 126-4,0977 
GCelilen27 2307) Gell 127:4.-666 


Source of fuel consumption rate 
:Predicting Ship Fuel Consumption: Update p20 (Naval Post 
Graduate School) 
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APPENDIX E 
(ASSOCIATED COST OF DDG) 


Appendix E provides and explanation of each cell on page 


AS: 
| Bae 
D3: 
iD 
Deve 
D6: 
IB ee 
IDs 2 
IDS 
ING) 
Di i; 
ae 
De 
eee: 


| Tae 
jie ee 
E4: 
cho ee 
EO; 
ae 
EG: 
BS: 
EO: 
(Spl a 
Bpie2 : 
Es: 
E14: 


as 
Pra: 


AB 2 

+A:B8 

+A: B12 

@INDEX (A: J2..A;05,A:B3,A:B8) 
+D47D3 

+D5/24 

GECORUP(D3-H2 7 127,71) 
Do Di Z 

+D8* 700 

+A:B18* /-D6*2 

Cre U4=0 Ohio 2 4* 154700) 
+A:B15*7/D10 
SUIS IDL) Db Ns 

@INT ( (A: B18*7*1.5/D10)+.9999) *A5 


+A:B9 

+A:B13 

CINDE (As J2-.A-05,A. BSA: Bo} 
+E 4/E3 

+B 5/24 

GReGChUE Wis, he ibe 77) 
+e 7) o2 

sie VO) 

+A:B18* /-E6*2 

Gi (h4—O70, Hilg+ 24> 13 700) 
+A:B15*7/E10 

sp id Sele JL ei dh as, 

CINTA BIs*7=1.5/7/h 10) .9999)"A5 


(mats =H hS) / 1800 2000 
(D14-E14) *829.8 


The calculation of DDG asset cost in 1997's dollar. 
The unit cost of last DDG51 was 829.8 billion dollar in 1997. 


Source:U.S.WEAPON 


Cell 
Cell 
Cell 
Cell 
Cell 
Cell 
Cell 


SYOTEMS COSTS, 96(DATA SEARCH ASSOCIATES) 
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Collie. 13, Celleri0: 077308 
Cell H11:14, Gell I111:;0m825 

Cell HilgegkS, Cell. Ti2205s87 76 
Cell His lo, Cell. Piso 9396 
Gerla iy oceania e132 
Gell HiS-.ts, Cell) fis.) 0995 
Cell HilGési9, Cell 11621 .2009 
Gel hie Oa Cen 1a 13200 
Gell Hib6. 2a. Cell 116 124602 
Gell Hie 22, Cell Toe 1 6253 
Gell H20-723, Cell 120. 1.3021 
Colt wriziee7 4. Ceul. ie i 2.0507 
Goli@eneezs 2s, Cell 122-2. 3249 
CeldeHveezo, Cell 128225652 

Celia Zaee. Celie 243-0443 
Ceili whee: 20, Celt ale 523.5173 
CellrHZc.2 9, Cel le126-4.091 

Gell 2a o0, (‘Celie [2 (+ 4.. 7912 


Source of fuel consumption rate 
:Predicting Ship Fuel Consumption: Update p22 (Naval Post 
Graduate School) 
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APPENDIX F 
(ASSOCIATED COST OF DD) 


Appendix F provides and explanation of each cell on page 
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IDV 
IDS) 2 
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wie: 
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D9: 
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Pal : 
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Eo 
E4: 
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ee: 
Ho 
Eo : 
15, Oe 
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Ee? s 
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Plo: 
F14: 


+A:B23 

+A:B8 

te eZ 

GINDEX (A: J2..02°057A° 83, A: Bs) 

+D4/D3 

+D5/24 

CVLOCKUP (Ds, H2).127,1)) 

+o. Dy? 

+D8* 700 

4+A:B18*7-D6*2 

Cub x40 O07 Dl +247 13 +700) 

@INT (A:B15*7/D10+.9999) 

(DS* Dl 2+D1L1*AvB15~7/7 D0) ~A5/ 0 600 
@IF(D4=0,A5, (@INT ( (A:B18*7*1.5/D10)+.9999) ) *A5) 


+A:B9 

+A:B13 

@INDEX (A: J2..A;05,A:B3,A:B9) 

+E 4/E3 

Pie 

CVEOORUE(E Ss, H2 25127 -15 

+B 5*E7*2 

+E8* 700 

Sp rtes Ney Me aks 1) ca Oh oy mes 

CPE (E4007 EPO 24 13-700) 

@INT (A:B16*7/E10+.9999) 

(io 7 eos een) 4 5/1, OOO, UOU 
@TF(E4=0,A5(@INT ( (A:B18*7*1.5/E10)+.9999) ) *A5) 


(Dies — has) 
(Dike-=K14) *16727 


The calculation of DD asset cost in 1997's dollar. 
Mee unit cost of last DD-963 was 65.7 million dollar in 1975. 
source:U.S.WEAPON SYSTEMS COSTS, 77 (DATA SEARCH ASSOCIATES) 


ie deflator of military procurement in 1975 is 0.3501. 
source: NATIONAL DEFENCE BUDGET ESTIMATES-FY1997 p42(U.S.Secretary 
of Defense) 
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Cell H10:13, Cell 110:1.4749 
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Cell HiZzwiko, Cell LlZc tse 
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Cell Hib4a: iy, Cell Ti4@e1.7257/ 
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Cee o 22-nCell 11952. 3199 
Cell H20-23, Celilel20;: 2.4933 
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CelieHz 2-25, Celia? 2396 
Cel HZ: 26,5 Celie 23-3 .1723 
Cell H24:27/, Cell 124:3.4648 
Celimnz>S: 238, Cellei25:327091 
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Source of fuel consumption rate 
>:Predicting Ship Fuel Consumption: Update p24 (Naval Post 
Graduate School) 
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APPENDIX G 
(ASSOCIATED COST OF FFG) 


Appendix G provides and explanation of each cell on page 
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(DASE) 
(D14-E14) *480.6 


The calculation of FFG asset cost in 1997's dollar. 
The unit cost of last FFG-7 was 336.3 million dollar in 1984. 
Source:U.S.WEAPON SYSTEMS COSTS, 88( DATA SEARCH ASSOCIATES) 


The deflator of military procurement in 1984 is 0.6996. 
Source:NATIONAL DEFENCE BUDGET ESTIMATES-FY1997 p42(U.S.Secretary 
of Defense) 


eel] H3: 6, 
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Source of fuel consumption rate 
>Predicting Ship Fuel Consumption: Update p26 (Naval Post 
Graduate School) 
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APPENDIX H 
(ASSOCIATED COST OF AOE) 


Appendix H provides and explanation of each cell on page 
seven. 
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The calculation of AOE asset cost in 1997's dollar. 
The unit cost of last AOE-6 was 298.1 million dollar in 1993. 
Source:U.S.WEAPON SYSTEMS COSTS,96( DATA SEARCH ASSOCIATES) 


The deflator of military procurement in 1993 is 0.9191. 
meumece: NATIONAL DEFENCE BUDGET ESTIMATES-FY1997 p42(U.S.Secretary 
of Defense) 
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Source of fuel consumption rate 

:Predicting Ship Fuel Consumption: Update p48 (Naval Post 
Graduate School) 
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